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Using a composite fermion picture, we study the lateral
transport between two two-dimensional electron gases, at fill-
ing factor 1/2, separated by a potential barrier. In the mean
field approximation, composite fermions far from the barrier
do not feel a magnetic field while in the barrier region the
effective magnetic field is different from zero. This produces
a cutoff in the conductance when represented as a function of
the thickness and height of the barrier. There is a range of
barrier heights for which an incompressible liquid, at ν = 1/3,
exists in the barrier region.
PACS number 73.40.Hm
The presence of a high magnetic field B perpendicular
to a two dimensional electron gas produces the Quan-
tum Hall effect (QHE) characterized by the appearance
of plateaus at rational values of e2/h of the off-diagonal
conductance σxy and zeros in the diagonal conductance
σxx. QHE is usually analyzed separating the set of fea-
tures in two, depending on whether the plateau appears
at a filling factor νe = 2πℓ
2n which is an integer number
(IQHE), or a fractional one (FQHE). In this expression
ℓ =
√
h¯c/eB is the magnetic length and n the two di-
mensional electron density. The reason for this division
is the different physical origin of the energy gap between
occupied and unoccupied states of the system, which is
responsible for the QHE. In the case of IQHE the gap
originates from the quantization of the kinetic energy in
the presence of B while for the FQHE the gap is due to
the electron-electron interaction. As from the experimen-
tal point of view both IQHE and FQHE present similar
behavior, it is appealing to look for a unified represen-
tation of the two processes [1]. This is the goal of the
composite fermions (CF) picture of the FQHE. In this
framework, the relevant quasiparticles are CF built up as
electrons attached to an even number, φ˜, of flux quanta.
Instead of working with the electronic Hamiltonian, a sin-
gular gauge transformation is performed and the system
is described by a Hamiltonian for the CF which interact
by both Coulomb and Chern-Simons terms [2]. Within
a mean field approach, CF move in an effective magnetic
field Beff = B − φ˜nhc/e. We made the choice of φ˜=2
so that when B is such that the electron filling factor is
one half, CF do not feel any effective magnetic field and
present a Fermi surface [3]. In the case of Coulomb in-
teraction between the electrons, the Fermi surface does
not dissapears when fluctuations are included [3,5]. At
the same time, an incompressible electron liquid in the
FQHE regime given by νe = p/(1 + φ˜p) corresponds to
the IQHE regime for CF with filling factor νCF = |p|
[1–4]. In other words, a mean field aproach for CF gives
an IQHE-like description for the FQHE although their
physical origins are different. A strong support for the
CF theory is that several predictions coming from it have
been experimentally confirmed [6].
We study the transport of CF through a potential bar-
rier in the presence of an external magnetic field, cor-
responding to an electronic filling factor νe = 1/2. As
charge is expelled from the barrier region, the effective
field Beff affecting the CF is not homogeneous anymore.
This produces two effects: i) the localized effective field
deflects the carriers in such a way that, if they do not
have enough kinetic energy, they are not able to pass
through the magnetic barrier and ii) a region of incom-
pressible liquid can appear at the barrier. In particular
we will show how an incompressible phase νe = 1/3, i.e.
νCF = 1, forms and separates the two phases of com-
presible liquid νe = 1/2, i.e. CF with Fermi surface.
This incompressible phase in the barrier region controls
the current in the linear regime because it is stable in
the presence of low density of impurities contrarily the
magnetic barrier effect which is quenched by impurity
scattering.
We consider that the potential barrier is along x di-
rection and the system is translationally invariant in
the other one, y. Therefore we describe the effec-
tive magnetic field by using the Landau gauge Aeff =
(0,
∫
dxBeff (x), 0). In order to compute conductances
through the barrier, the required ingredient the prob-
ability that one CF coming from the left part of the
barrier passes This must be computed taking into ac-
count the dependence of the effective magnetic field on
the charge density, so selfconsistency between Beff (x)
and n(x) is required. This task is accomplished in the
following way. We consider an external potential V0(x)
which, after the charge rearrangement, will give a bar-
rier for the CF of the form showed in Fig.1a; V (x) =
Vb [Θ(x+ db/2)−Θ(x− db/2)]. For this given final po-
tential it is necessary to know the amount of charge and
the effective magnetic field in the barrier region. We ob-
tain these quantities self-consistently in the Hartree ap-
proximation [7]. In this approach the Schro¨dinger equa-
tion for CF [7] takes the form,{
h¯ωc
2
ℓ2
[
−
d2
dx2
+
(
ky +
e
c
Aeff (x)
h¯
)2]
+ V (x)
}
(1)
eikyy
Ly
φky ,ε(x) = ε
eikyy
Ly
φky ,ε(x)
here h¯ky is the momentum of the CF in the y direc-
1
tion, Ly is the sample length in the y-direction and
ωc = eB/mc is the cyclotron frequency, m being the
renormalized mass of the CF. Note that in this expresion
V (x) is the final potential seen by the CF, i.e. the sum of
the external potential, the Hartree potential and the po-
tential induced by the motion of the magnetic flux tubes
[7,8]. The effective vector potential is
Aeff (x) =
ch¯
e
(
x
ℓ2
− φ˜π
∫
dx′n(x′)sgn(x− x′)
)
(2)
where the density n(x) =
∑
ky,ε
|φky,ε(x)|
2/Ly is a sum
restricted to energies lower that the Fermi energy, which
is h¯ωc/2 for the case of electronic filling factor νe=1/2
[7]. By solving Eq.1-2, we get the self-consistent n(x)
and Beff (x). The amount of charge in the barrier re-
gion is obtained by integrating n(x) in a region of width
D. This is a cut-off, convenient for numerical calcula-
tions, large enough to contain all the effects coming from
charge rearrangements. The amount of charge in the bar-
rier region is represented by the average electron filling
factor at the barrier νbe . It must be obviously smaller
than νe = 1/2 and one can expect that the system tends
to condensate in this region at values of the density where
an incompressible liquid appears. We will see below that
this is precisely the result we get.
Once we know the self-consistent effective magnetic
field in the barrier region we are in condition to com-
pute the transmission coefficient through the barrier.
Since in the barrier region Beff 6= 0, there is a step,
∆A = Aeff (−∞) − Aeff (∞), in the effective vector
potential (see Fig.1(c)). This step produces that the
y-component of the canonical momentum of the CF
changes by ec∆A, in passing from a point to the left of
the barrier, −D/2, to a point to the right, D/2, which
are not affected by the existence of the barrier. There-
fore, in order to calculate the transmission coefficient
for a CF with mechanical momentum h¯(kx, ky) and en-
ergy ε = h¯2(k2x + k
2
y)/2m, we match the two indepen-
dent solutions of Eq.1 at energy ε, with the planewave(
eikxx + ρe−ikxx
)
at x = −D/2 and with τeik
′
xx at
x = D/2. Here k
′
x =
(
k2x − (
e
ch¯∆A)
2 + 2ky
e
ch¯∆A
)1/2
,
as obtained from the conservation of both ky and energy.
From the matching of these wavefunctions the desired
transmission coefficient T (ε, ky) = |τ |
2k
′
x/kx is obtained.
The first interesting property in the problem comes
from the expression for k
′
x: Only CF with incident
mechanical momentum verifying the relation, k2x −
( ech¯∆A)
2 + 2ky
e
ch¯∆A > 0 , can pass through the bar-
rier. This restriction comes from the conservation of the
mechanical momentum and the energy, and is very easily
understood in classical terms. A charged incident particle
with momentum p = (px, py), is deflected when arrives
to a spatial region, −D/2 < x < D/2, where a magnetic
field B exists. Only when the incident momentum is high
enough, the particle is able to cross the finite B region.
Therefore, there is a region in momentum space, shown
in Fig.1d, where the transmission coefficient through the
barrier is zero. In the other regions in momentum space,
the transmission coefficient can take finite values. This
condition gives us a cutoff for the conductance of the CF
system in the presence of a barrier.
The conductance is given by an integral of the trans-
mission coefficients over all the incident states with en-
ergy EF [9],
G = G0
∫ pi/2
−pi/2
T (EF ,
√
2EF sin θ) cos θdθ , (3)
with G0 =
e2kF
h¯ Ly, kF being the Fermi wavevector. This
conductance for non-interacting CF, treated in mean field
approximation, corresponds to the conductance of the 2D
electron gas at ν = 1/2 [3]. In the incident mechanical
momentum space, states at the Fermi energy are on a
semicircle centered at (0, 0) (see Fig.1d). If this semicircle
is contained in the region of T = 0 the conductance is
zero. In order to have G 6= 0 the Fermi line must cross
the boundary separating the region of T = 0 from that
of T 6= 0. This is only possible if the barrier is narrow or
low enough to allow a large charge density in the barrier
region, implying Beff is small there.
It must be stressed that, in the description we are us-
ing, the CF is always constituted by one electron carry-
ing two flux quanta. Therefore, the scheme can not be
directly applied to tunneling processes (i.e. EF < Vb)
in which the density at the barrier is practically zero. In
such a case the CF at the barrier region could be strongly
affected in its constitution.
The numerical results for G and νbe as a function of bar-
rier height are presented in Fig.2 and Fig.3 for barriers
thickness of 4ℓ and 16ℓ, respectively. In order to see more
clearly the effect of Beff on the CF, the same magnitudes
are plotted in dashed lines for electrons passing through
a barrier without any magnetic field. In this case, both
G and νbe decrease monotonously with incresing barrier
height. When Vb = EF there is very small amount of
charge at the barrier region and the conductance is enor-
mously reduced because tunneling is the only mechanism
for transport. The results are quite different for CF, in
the metallic regimen (νe = 1/2), traversing a region with
a potential barrier. The effect of the cutoff caused by ∆A
on the transmission coefficient, produces the quenching
of G for barriers significantly lower than EF . This is clear
by noting that in the case of CF in the metallic regime,
and supposing an abrupt magnetic barrier, the cutoff for
T 6= 0 at EF is given by (1 − 2ν
b
e)db/ℓ = 2kF ℓ. νe = 1/2
implies kF=ℓ
−1 [7] and we obtain that the critical νbe
for the barrier 4ℓ and 16ℓ thick are 0.25 and 0.469 re-
spectively. From comparing Fig.2a (Fig.3a) with Fig.2b
(Fig.3b), we see that the quenching of G occurs roughly
at these values of νbe.
The second, and even more important effect is observed
in the electron filling factor at the barrier. This mag-
nitude starts decreasing monotonously and remains fi-
nite even for barrier height at which G=0. But further
2
increasing barriers, νbe shows an abrupt decrease for a
critical value of Vb. For db = 16ℓ a plateau with value
νbe = 1/3 develops before the abrupt decrease. The phys-
ical origin of this behaviour can be understood by looking
at the schematic band structure of the system shown in
Fig.4 for three increasing values of the barrier height and,
consequently for increrasing effective magnetic field. The
dispersion relation consists basically on two filled parabo-
las, with the bottoms shifted by the quantity ech¯∆A.
Each of these parabolas corresponds to CF located at
the left and the right side of the barrier. Due to the exis-
tence of Beff 6=0 in the barrier region, some Landau-like
bands (LLB) appears. For low barriers, i.e. low Beff
and low ∆A, the parabolas cross each other at low en-
ergy and the LLB are placed in the continuum defined
by the parabolas and there are not localized states at
the barrier region (Fig.4a). For increasing barrier, the
shift between the bottom of the parabolas increases and
a set of LLB appears in the region between parabolas
(Fig.4b). When only the lowest energy LLB is occupied,
an incompressible liquid, with νCF = 1, exists in the bar-
rier region. Therefore the system is stable for νbe = 1/3
giving the plateau observed in Fig.2 and Fig.3. As the
LLB are dispersionless in the barrier region, the plateau
at νbe=1/3 disappears suddenly when, for higher barri-
ers, Beff is big enough so that the lowest energy LLB
is empty and there are not localized occupied states at
the barrier (Fig.4c). The plateau in the filling factor at
the barrier is then the signature of the existence of an
incompressible liquid at the barrier separating the two
metallic regions at the left and the right.
An important issue is whether the two effects found
here, the cutoff for G and the incompressible region at
the barrier, are robust with respect to the presence of
a small random potential due to impurities or imperfec-
tions in the system. The existence of a random poten-
tial would relax the momentum conservation which is in
the origin of the existence of the cutoff for G. There-
fore the first consequence of having impurities is that the
current would not be quenched as before. However the
incompressible liquid is rather robust, with respect to the
presence of a weak random potential, provided that the
energy gap in the barrier region persists in the presence of
impurities. Therefore, we expect that the imcompressible
region would persist in samples in which the mobility is
high enough so that the νe=1/3 FQHE can be observed.
The existence of an incompressible liquid in the barrier
region (no states at EF ) produces that G would be zero
for barriers in which νbe presents a plateau. Therefore,
the quenching of the conductance persist although for
barriers higher than before and due to a different physi-
cal origin.
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FIG. 1. Schematic plot of (a) the potential barrier V (x),
(b) charge density profile n(x), and (c) effective vector poten-
tial Aeff (x). In (d), the separation between the regions with
T = 0 and with T 6= 0 is plotted, in the space of the mechan-
ical momentum of the incident CF. The semicircles are the
Fermi lines in the case in which G = 0 (dashed line) and in
the case in which G can be different from zero (dotted line).
FIG. 2. Variation of the filling factor in the barrier region,
νbe (a) and the conductance G (b), as a function of the barrier
height Vb in units of h¯ωc, for a barrier 4ℓ thick. The dashed
lines correspond to the case of electrons without magnetic
field.
FIG. 3. Variation of the filling factor in the barrier region,
νbe (a) and the conductance G (b), as a function of the barrier
height Vb in units of h¯ωc, for a barrier 16ℓ thick. The dashed
lines correspond to the case of electrons without magnetic
field.
FIG. 4. Schematic representation of the band structure
of CF in the metallic regime and in presence of a potential
barrier for different heights of the potential barrier.
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